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Context integration is an ubiquitious principle in corti-
cal processing underlying many perceptual and cognitive
functions. Several neuropsychiatric disorders have been
associated with an impairment of integration of context
information, particularly schizophrenia [5]. One way to
investigate the mechanisms underlying context proces-
sing and its impairments, is to look at context integra-
tion in the well-understood visual system. Center-
surround interactions (CSI), i.e. the mutual influencing
of stimuli presented in the center and in the surround
of the visual or receptive field, respectively, are well
established, both in animal neurophysiology and human
psychophysical and neuroimaging studies.
We investigated orientation-selective center-surround
interactions in a network model of the cortical layer 4Ca,
the input layer of V1 and the first cortical stage where CSI
effects occur. The model is based on a previous one [6]
and consists of 1024 excitatory and 256 inhibitory multi-
compartment cells coupled via AMPA, NMDA and
GABA synapses with a virtual 44 × 44 layer of lateral geni-
culate nucleus (LGN) processing units. First, we used
moving sinusoidal gratings of varying orientation (0°-330°,
step size: 30°) to determine orientation selectivity of the
neurons [4]. Second, we measured non-specific center-
surround suppression by increasing the size of the grating
at the preferred orientation and calculating the suppres-
sion index (SI) according to [1]. Finally, we measured
orientation-specific surround suppression by introducing a
second grating surrounding the optimally sized center
grating. We varied the orientations of the surround grating
and measured the SI for each orientation.
We found orientation and direction selectivity com-
parable to findings from neurophysiological studies [2,4]
and those from another modeling study [4]. A high pro-
portion (78%) of the model neurons show non-specific
suppression with a mean SI of 47.21, which is compar-
able to animal studies in monkeys [1,3]. The orienta-
tion-selective suppression is strongest when the
surround has the same orientation as the center grating
and reduces with increasing angle deviation (mean SI
parallel: 47.21; mean SI orthogonal: 36.72). This is in
agreement with animal experiments [1] but also with
human psychophysical studies [5,7].
We have presented a neuronal network model that
showed non-specific and orientation-specific center-sur-
round suppression in accordance with experimental and
psychophysical data. Our model allows for investigating
in detail the mechanisms supporting center-surround
suppression and context-integration. This comprises
changes of the perceptual input, characteristics of neu-
rons and synapses as well as modulatory influences of
GABA, for instance. Finally, our model is suited to sys-
tematically model the neural subtsrates of context inte-
gration impairments in neuropsychiatric disorders.
Acknowledgements
This work was partially supported by the Graduate School for Computing in
Medicine and Life Sciences funded by Germany’s Excellence Initiative [DFG
GSC 235/1].
Author details
1Institute for Robotics and Cognitive Systems, University of Luebeck, 23538
Luebeck, Germany. 2Graduate School for Computing in Medicine and Life
Sciences, University of Luebeck, 23538 Luebeck, Germany. 3Department of
Psychiatry, University Clinics Schleswig-Holstein, 23538 Luebeck, Germany.
Published: 8 July 2013
References
1. Jones H, et al: Surround suppression in primate V1. J Neurophysiol 2001,
86(4):2011-2028.
2. Ringach D, Shapley R, Hawken M: Orientation selectivity in macaque v1:
diversity and laminar dependence. J Neurosci 2002, 22(13):5639-5651.
* Correspondence: metzner@rob.uni-luebeck.de
1Institute for Robotics and Cognitive Systems, University of Luebeck, 23538
Luebeck, Germany
Full list of author information is available at the end of the article
Metzner et al. BMC Neuroscience 2013, 14(Suppl 1):P435
http://www.biomedcentral.com/1471-2202/14/S1/P435
© 2013 Metzner et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
3. Sillito A, et al: Visual cortical mechanisms detecting focal orientation
discontinuities. Nature 1995, 378:492-496.
4. Zhu W, Xing D, Shelley M, Shapley R: Correlation between spatial
frequency and orientation selectivity in v1 cortex: Implications of a
network model. Vision research 2010, 50(22):2261-2273.
5. Yoon J, et al: GABA concentration is reduced in visual cortex in
schizophrenia and correlates with orientation-specific surround
suppression. J Neurosci 2010, 30(10):3777-3781.
6. Metzner C, Schweikard A, Zurowski B: Towards Realistic Receptive Field
Properties in a Biologically Inspired Spiking Network Model of the
Mammalian Primary Visual Cortex. Front Comput Neurosci 2011.
7. Xing J, Heeger D: Measurement and modeling of center-surround
suppression and enhancement. Vision Research 2001, 4(5):571-583.
doi:10.1186/1471-2202-14-S1-P435
Cite this article as: Metzner et al.: Center-surround interactions in a
network model of layer 4Ca of primary visual cortex. BMC Neuroscience
2013 14(Suppl 1):P435.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Metzner et al. BMC Neuroscience 2013, 14(Suppl 1):P435
http://www.biomedcentral.com/1471-2202/14/S1/P435
Page 2 of 2
